The cognitive reserve hypothesis would predict that use of written Japanese should confer protection against dementia because of the complexity of its ideograms compared with written English. We sought to test this hypothesis in analyses from a longitudinal study of Japanese-American men. Methods: Participants were second-generation Japanese-American men (Nisei) on the island of Oahu, Hawaii, who were seen in 1965 and in subsequent examinations to detect dementia beginning in 1991-1993. Use of spoken and written Japanese was self-reported in 1965 (Analyses 1 and 2), and midlife use of written Japanese and written English was self-reported in 1994 -1996 (Analysis 3). We analyzed prevalent dementia outcomes in 1991-1993 (Analysis 1, n ϭ 3139) using logistic regression, and incident dementia outcomes in 1994 -2002 (Analysis 2, n ϭ 2299) and in 1997-2002 (Analysis 3, n ϭ 1655) using Cox proportional hazards regression. Dementia outcomes included all-cause dementia, probable and possible Alzheimer disease, and probable vascular dementia. We adjusted models for probable and possible confounders. Results: Participants who reported proficiency with written Japanese were older and had lower incomes. For Analysis 1, there were 154 prevalent cases of dementia, 74 of Alzheimer disease, and 43 of vascular dementia; for Analysis 2, 236 incident cases of dementia, 138 of Alzheimer disease, and 45 of vascular dementia; and for Analysis 3, 125 incident cases of dementia, 80 of Alzheimer disease, and 20 of vascular dementia. There was no relationship in adjusted models between selfreported proficiency with written Japanese and any dementia outcomes.
O ne of the prevailing theories of why plaque and tangle burden has an imperfect correlation with Alzheimer disease is referred to as "reserve." [1] [2] [3] [4] [5] The reserve hypothesis is that either brain reserve (eg, total brain volume, dendritic/synaptic density-"hardware") or cognitive reserve (eg, higher educational attainment, cognitively or physically demanding occupations or behaviors-"software") buffer the effects of the Alzheimer disease process or processes, leading to relative protection.
Early studies of elderly Japanese-American individuals found rates of dementia and the proportions of dementia subtypes to be more similar to those found in US white populations than those found in Japan. 6, 7 A later study found lower rates of 2-year cognitive decline in those less assimilated to Western culture than in those who were more assimilated. 8 One of the reasons hypothesized for this finding was the more complicated structure of written Japanese compared with written English 8 -facility with written Japanese provided protection because it led to increased reserve. Studies in bilingual individuals suggest that language processing in the 2 languages involve both shared and separate systems 9 and that, of patients presenting with dementia, bilingual individuals appeared to present later. 10 There are 2 distinct sets of characters in written Japanese-the ideographic Kanji script and the syllabic Katakana script. A third distinct set of characters, the syllabic Hiragana script, is used for non-Japanese words. Japanese schooling involves learning more than 1000 Kanji characters in elementary and junior high school. Kanji is perceptually more complex and demanding than English script because many more than 26 basic perceptual elements are used. 11 The reserve hypothesis would predict that fluency with Kanji should provide protection from dementia. We tested this hypothesis using data from the Honolulu Asia Aging Study. We limited our sample to second-generation offspring of immigrants from Japan (Nisei) to eliminate generational effects, and controlled analyses for the number of years of formal schooling. It was not uncommon to send Nisei children to Japan for their education; these individuals are called Kibei. Years of childhood spent in Japan was previously found to be associated with poorer baseline cognitive functioning in this study population. 12 Not surprisingly, a high proportion of the Kibei participants read and wrote Japanese. We excluded Kibei participants from our primary analyses because we could not differentiate between written Japanese language use and other environmental exposures in Japan.
METHODS

Overview
This paper reports 3 analyses from a longitudinal epidemiologic study of Japanese-American men ( Table 1 ). In Analyses 1 and 2, midlife self-reported use of spoken and written Japanese is the exposure of interest. In Analysis 3, late-life self-reported use of spoken and written Japanese and English in midlife are the exposures of interest. Outcomes for all analyses include any dementia, Alzheimer disease, and vascular dementia. We analyzed data from Honolulu Heart Program participants for whom dementia status was determined (1) in 1991-1993 and (2) later as part of the Honolulu Asia Aging Study. We controlled for confounding by including age and education in our regression models, and assessing head circumference (an indirect but robust measure of brain reserve 13 ) and other factors as additional potential confounders.
Study Population
The Honolulu Heart Program included Japanese-American men born between 1900 -1919 living on the island of Oahu in 1965. 14 Three midlife examinations, conducted in 1965 Three midlife examinations, conducted in -1968 Three midlife examinations, conducted in , 1968 Three midlife examinations, conducted in -1970 Three midlife examinations, conducted in , and 1971 Three midlife examinations, conducted in -1974 , included collection of clinical and demographic information. In the fourth examination in 1991-1993, the Honolulu Asia Aging Study was started as an extension of the Honolulu Heart Program; 3734 Honolulu Heart Program cohort members (80% of survivors) participated. As shown in Figure 1 , we limited our analyses to the 3139 Nisei participants educated in the United States. We performed sensitivity analyses in which we included the 596 Issei (First generation immigrants) and Kibei. One participant was excluded due to missing exposure data. Subsequent examinations were conducted in 1994 -1996 (examination 5), 1997-1999 (examination 6), and 1999 -2000 (examination 7). The Honolulu Asia Aging Study was approved by institutional review boards of the Kuakini Medical Center and the Honolulu Department of Veterans Affairs, and all participants gave written informed consent.
Assessment of Cognitive Function and Dementia
Dementia was assessed during examinations 4 (1991-1993; prevalent cases), 5 (1994 -1996 ; incident cases), 6 (1997-1999; incident cases), and 7 (1999 -2000; incident cases) by means of a multistep procedure described fully elsewhere. 7, 15 The 100-point Cognitive Abilities Screening Instrument was used to screen the entire sample in the participant's choice of either Japanese or English. This instrument was developed as a test of global cognitive functioning for use in comparative studies of dementia in Japan and the United States. 16 At examination 4 (1991-1993), a stratified random sampling scheme was used. A subgroup of 17 At examination 5 (1994 -1996) , those who scored less than an education-adjusted cutpoint (cognitive test scores of 77 for participants with low education and 79 for high education) or who had an absolute drop in cognitive test score of at least 9 points were selected for full dementia evaluation. At examinations 6 (1997-1999) and 7 (1999 -2000) , those who scored less than 70 points were selected for full dementia evaluation. Although in other settings we have found that this instrument may have marked item-level bias (referred to as differential item functioning), 18 similar analyses in the Honolulu Asia Aging Study did not find large amounts of differential item functioning. 19 At all examinations, the dementia evaluation included the Consortium to Establish a Registry for Alzheimer disease neuropsychological battery 20 and a neurologic examination. We are unaware of analyses of the neuropsychological battery for differential item functioning. Participants who met the criteria for dementia underwent neuroimaging and blood tests for diagnosis of dementia subtype. A consensus diagnosis was reached by the study neurologist and at least 2 other physicians with expertise in geriatrics and dementia. 
Assessment of Spoken and Written Japanese Language Proficiency
At Honolulu Heart Program examination 1 in 1965, participants were asked "Do you speak Japanese?" and "Do you read or write Japanese?" (Further description of the questions is provided in the eAppendix, http://links.lww.com/A1451.) Response options were no, very little, fair, well, and unknown. Responses to these questions (categorized as no/very little vs. fair/well) informed the exposure variable for Analyses 1 and 2. The reference group was those who said they spoke Japanese at least fairly well but who read or wrote, at most, very little Japanese (spoke but did not read Japanese). We compared men who indicated they spoke, at most, very little Japanese (neither spoke nor read Japanese), and men who indicated they both spoke and read or wrote Japanese at least fairly well (both spoke and read Japanese) to this reference group. One man indicated he spoke very little Japanese but read Japanese fairly well; he was included in the "both spoke and read Japanese" group. The reserve hypothesis would predict that there would be minimal difference in dementia risk between the "spoke but did not read Japanese" and the "neither spoke nor read Japanese" groups, but that there should be protection for the "both spoke and read Japanese" group.
A limitation of the Honolulu Heart Program examination 1 questions is that specific forms of written Japanese (Kanji, Katakana, or Hiragana) are not specified. At examination 5, additional questions were asked regarding languages spoken and how well participants could read and write in Japanese and English in the middle years of their lives (ages 40 -50). Responses to these questions informed the exposure variables for Analyses 3a (written and spoken Japanese), 3b (written and spoken English), and 3c (written Japanese and written English). One question addressed how well the participant could read Japanese. We dichotomized responses to this question to identify participants who indicated they "could read most Japanese magazines, books, and newspapers" compared with participants who, at most, "could read simple Japanese magazines, books, and newspapers." A second question asked participants how well they could write Japanese. We dichotomized responses to this question to identify participants who indicated they "could write well in Japanese in any form" compared with participants who, at most, "could write in Hiragana or Katakana but not Kanji." We combined responses to identify participants who indicated they could read Japanese at this level, write Japanese at this level, or both ("highly literate in Japanese") compared with participants who could neither read nor write Japanese at this level ("not highly literate in Japanese"). We combined this categorization with responses to the question about languages spoken in midlife to identify 3 groups: (1) participants who did not speak Japanese and were not highly literate in Japanese (n ϭ 502); (2) participants who spoke at least some Japanese but who were not highly literate in Japanese (n ϭ 1024, reference category); and (3) participants who were highly literate in Japanese (n ϭ 129; all but 14 spoke at least some Japanese). The reserve hypothesis would predict that there would be minimal difference in dementia risk between groups 1 and 2, but that mastery of Kanji script by group 3 should provide protection.
Two similar questions were asked about literacy in English. We dichotomized the reading question to differentiate participants who indicated they had "no difficulty reading English" from those who indicated that, at most, they "could read simple books, magazines, or newspapers," and the writing question to differentiate participants who "could print or write with no difficulty" from those who indicated that, at most, they "could print or write simple sentences." We specified no difficulty with reading or writing English to identify those who were "highly literate in English" (n ϭ 1540) compared with those who were "not highly literate in English" (n ϭ 115) for Analysis 3b. Finally, we combined the English and Japanese literacy variables together for Analysis 3c. Our reference category was participants who were highly literate in English but not in Japanese (n ϭ 1437). Other groups were (1) the 89 participants who were not highly literate in either English or Japanese; (2) the 26 participants who were highly literate in Japanese but not in English; and (3) the 103 participants who were highly literate in both Japanese and English.
Assessment of Covariates
We controlled for a number of factors that could be related to dementia and proficiency with language. Age (as the time scale for the Cox model and as a covariate) and educational level (1-8, 9 -11, 12 , and 13 or more years) were assessed by questionnaire. Apolipoprotein E (ApoE) genotype was characterized as the presence of at least one versus zero 4 alleles. We measured head circumference using a flexible tape. Income was assessed using the response scale shown in Table 2 . Body mass index was assessed using measured height and weight. We categorized smoking behavior as current, prior, and never. Hypertension was defined using measured blood pressure and antihypertensive medication use. Diabetes and family history of Alzheimer disease were assessed using self-report. We assessed stroke using self-report and then confirmed with medical record surveillance. Parkinsonism was assessed by physical examination.
Analytic Samples
Specific samples are summarized in Figure 1 . We performed sensitivity analyses in which we included Kibei and Issei participants.
Data Analysis
Analysis 1 evaluated prevalent dementia outcomes at the time of examination 4. In Analysis 2, participants were considered at risk if they did not have dementia at examination 4. We then assessed risk of incident dementia outcomes at examination 5, 6, or 7. In Analysis 3, participants were considered at risk if they did not have dementia at examination 5, and subsequent risk of incident dementia diagnoses at examination 6 or 7 was assessed ( Fig. 1 ). Participants were censored at the time of any dementia diagnosis, drop out, or death in Analyses 2 and 3.
Statistical Analysis
We used logistic regression for Analysis 1. Since stratification was used to determine who was further evaluated to identify prevalent cases of dementia, we weighted these analyses based on the probability of being selected. (Results without weighting were similar.) We used Cox proportional hazards regression for Analyses 2 and 3. We estimated time of dementia diagnosis halfway between the last visit free of dementia and the visit at which dementia was diagnosed. Age served as the time scale for all Cox models. 24 For all analyses, we used separate models for each outcome (any dementia, Alzheimer disease, and vascular dementia). We initially fit unadjusted models, and then adjusted for age and education. We screened for additional confounding by adding ApoE 4, income, and health variables one at a time to the age-and education-adjusted models. A potential confounder was retained in the model if it met 2 criteria. First, the difference in the value of the ␤ coefficient corresponding to language group membership for models including and excluding the potential confounder had to differ by at least 15%. Second, if the change was greater than 15%, the absolute value of the ␤ coefficient in the model including the potential confounder had to be at least 0.1 (so adjusted odds or hazard ratios had to be less than 0.90 or greater than 1.11). The rationale for this compound criterion for confounding was that even large percentage differences in ␤ coefficients close to zero could nevertheless still result in very small (and clinically insignificant) overall effects. We attempted a model including all possible confounders but this proved unstable because of small cell sizes. We did not look for interactions between possible confounding variables; we only examined their main effects. We tested the assumption of proportional hazards for the final adjusted models using Schoenfeld residuals; these assumptions were tenable for all models. All statistical analyses were carried out using Stata software, version 9.2. 25 We used R 26 to construct a plot of the point estimates and 95% confidence intervals (CIs) for the primary exposure of interest, "both spoke and read Japanese" versus "spoke but did not read Japanese" for Analyses 1, 2, and 3a.
RESULTS
Of the 3139 participants in Analysis 1, 561 (18%) neither spoke nor read Japanese, 1847 (59%) spoke but did not read Japanese, and 731 (23%) both spoke and read Japanese. Demographic characteristics, health risk factors, and health conditions are shown in Table 2 . On average, those who both spoke and read Japanese were older and had lower household incomes; were more likely to have spoken Japanese as their first language and to have had trouble with English during the examination; were less likely to have ever smoked; and were shorter, with smaller head circumference. BMI categories, ApoE 4 allele frequencies, and medical conditions were similar across groups. Rates of medical conditions were similar across language exposure groups even after adjusting for education and age (eTable 1, http://links.lww.com/A1451). The distribution of education across exposure groups is shown in eTable 2 (http://links.lww.com/A1451), interviewer descriptions of language use across exposure groups are shown in eTable 3 (http://links.lww.com/A1451), and the distribution of baseline cognitive test scores across exposure groups is shown in the eFigure (http://links.lww.com/A1451).
The distributions of baseline cognitive test scores were similar across the 3 groups, though mean baseline scores were lower in those who both spoke and read Japanese ( Table 2 ). There were 154 prevalent cases of dementia, 74 of Alzheimer disease, and 43 of vascular dementia for Analysis 1. There were 236 incident cases of dementia, 138 of Alzheimer disease, and 45 of vascular dementia over 13,838 person-years of follow-up for Analysis 2. For Analysis 3, there were 125 incident cases of dementia, 80 of Alzheimer disease, and 20 of vascular dementia over 7178 person-years of follow-up. The number of dementia evaluations, dementia outcome prevalence rates, and weighted adjusted odds ratios (ORs) of prevalent dementia outcomes at the time of examination 4 are shown in Table 3 . The point estimates for odds ratios for dementia outcomes associated with reading Japanese were all greater than 1.0; all confidence intervals included 1.0. The number of dementia evaluations, rates and adjusted hazard ratios (HRs) of incident dementia outcomes at examinations 5-7 (Analysis 2) are shown in the middle section of Table 3 . The point estimate for Alzheimer disease was slightly less than 1.0 (adjusted HR 0.84 ͓95% CI ϭ 0.56 -1.28͔). The reduced hazard for Alzheimer disease for the "both spoke and read Japanese" group was of similar magnitude as that for the "neither spoke nor read Japanese" group (0.79 ͓0.48 -1.69͔).
We compared self-reports of Japanese language proficiency at Honolulu Asia Aging Study examination 5 with those of the same participants at Honolulu Heart Program examination 1 (eTable 4, http://links.lww.com/A1451). Overall there was consistency in self-reporting of language proficiency across the life span, though a sizable proportion of participants had different assessments in late life than they had in midlife of their ability to speak and read Japanese.
Rates and adjusted HRs of incident dementia outcomes at examinations 6 -7 associated with self-reported language use in midlife (Analysis 3) are shown in the bottom section of Table 3 . As in Analysis 2, the point estimate for the adjusted HR for Alzheimer disease for the group that was highly literate in Japanese was less than 1.0 (0.86 ͓0.38 -1.93͔), of similar magnitude as for the group that neither spoke nor read Japanese (0.73 ͓0.43-1.26͔). Less than high degrees of literacy in English were associated with increased risk of dementia outcomes, though confidence intervals included 1.0. When combined in the same analysis, no consistent pattern emerged for literacy in Japanese and English. As indicated in Table 3 , only a single covariate-height-met our criteria for confounding, and in only a few analyses. Models that included and excluded height were very similar. Models including Epidemiology • Volume 20, Number 5, September 2009 Written Japanese Language and Dementia Outcomes and excluding income were also very similar (eTable 5, http://links.lww.com/A1451). There were 335 Kibei participants, most of whom read and wrote Japanese. Odds and hazard ratios were essentially unchanged when we included the Kibei. 
DISCUSSION
Self-reported use of written Japanese did not appear to be protective for dementia, Alzheimer disease, or vascular dementia. Arguably, in 2 analyses, use of written Japanese was associated with a barely reduced risk for Alzheimer disease (adjusted HR Ͻ1.0 in Analyses 2 and 3a; both 95% CI's include 1.0). However, in those same analyses, use of neither spoken nor written Japanese was associated with similar protection (Table 3 ). This pattern of findings is more consistent with random variation than with neuroprotection garnered from richly developed neural circuitry required to process the numerous pictograms and ideographs involved with Kanji script.
There are many potential explanations for a negative result. These include a true negative finding and several different types of error. In general, the point estimates associated with use of written Japanese suggest harm rather than protection, which does not seem biologically plausible (Fig.  2) . Recall bias is always a concern in studies of dementia. Here, exposure data were collected in midlife for Analyses 1 and 2, decades before dementia onset. In Analysis 3 we excluded individuals found to be demented at the time of exposure ascertainment. Some of these individuals may have had milder forms of cognitive deficits that were not diagnosed. Recall bias that was nondifferential between exposure groups would produce bias towards the null, decreasing our ability to find an effect. Furthermore, findings from Analysis 2-not subject to recall bias-were similar to those from Analysis 3.
cluded people with prevalent dementia at the time of Honolulu Asia Aging Study examination 5 from Analysis 3, but the accuracy of self-reported exposures could have been affected by undetected mental problems. The power to detect a beneficial effect of proficiency with written Japanese for vascular dementia was somewhat limited. Cross-sectional studies of dementia can be biased if the level of participation varies across exposure groups, because lack of participation is strongly associated with the presence of dementia. While in theory this could lead to bias in the prevalent dementia cases analyzed in Analysis 1, it should not interfere with the incident cases analyzed in Analyses 2 and 3, where we found similar results. Test bias related to language may lead to biased results from the neuropsychological battery used to evaluate cognitive ability in participants with low cognitive test scores. We did not have additional data on acculturation, vocabulary, or reading level. 27 We limited our analyses to dementia, though we found similar results when we analyzed rates of change in cognition. The cognitive test has insufficient coverage to address changes in specific cognitive domains. While we used 2 complementary exposure definitions, a more robust measure of exposure-such as measured written and spoken Japanese skill in midlife-would have strengthened our confidence in our findings. We do not have measures of frequency of exposure to written Japanese. These analyses should thus be considered exploratory.
In summary, we did not find evidence to support the cognitive reserve hypothesis. Proficiency with written Japanese language was not associated with reduced risk for dementia outcomes. Our data provide no support for the hypothesis that acquisition of a second language might help to prevent dementia.
